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Acoustic Fill effects

The acoustic sound pressure level in the area between the payload and the payload fairing, or orbiter
side walls, increases as the gap decreases.  Thus for large payloads, a fill factor is often used to adjust
for this effect.

The Fill Factor recommended by the NASA Vibroacoustics Standards Panel is given by:

where: Ca is the speed of sound in air (typically 344.4 meters/second, 1130 ft/sec, or 13,560 in/sec)

f is the one-third octave band center frequency (Hz),

Hgap is the average distance between the payload and the fairing, or cargo bay, wall, and

Volratio is the ratio between the payload volume and the empty fairing, or cargo bay, volume
for the payload zone of interest.

This fill-factor is added to the empty fairing/cargo bay expected or test levels.  However, engineering
judgment must be used in the application of this fill-factor for irregular shaped payloads.  Also, Many
acoustic specifications are now provided with some fill-factor included.

As an example, assume a cylindrical payload section of radius RS in a fairing of radius RF shown in
Figure A-1.

Figure A-1  Cylindrical Payload in Fairing Acoustic Fill-Factor
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The fill-factor to be added to the empty fairing acoustic levels for various size payloads, assuming a
fairing  diameter of 3.0 meters, is given in Table A-1, and is shown in Figure A-2.

Table A-1
Acoustic Fill-Factor (dB)
3 meter Payload Fairing

1/3 Octave Band Payload Diameter (meters)/Volume Fill Ratio (%)

Center Freq. (Hz) 2.85/90.3 2.75/84.0 2.50/69.4 2.25/56.3 2.0044.4

25 9.7 7.6 4.8 3.3 2.3
32 9.6 7.5 4.7 3.2 2.3
40 9.5 7.4 4.6 3.2 2.2

50 9.3 7.2 4.5 3.1 2.1
63 9.2 7.1 4.4 3.0 2.0
80 8.9 6.9 4.2 2.8 1.9

100 8.7 6.6 4.0 2.7 1.8
125 8.4 6.4 3.8 2.5 1.7
160 8.1 6.1 3.6 2.3 1.6

200 7.7 5.7 3.4 2.2 1.4
250 7.3 5.4 3.1 2.0 1.3
315 6.9 5.0 2.8 1.8 1.1

400 6.4 4.6 2.5 1.6 1.0
500 5.9 4.2 2.2 1.4 0.9
630 5.3 3.7 2.0 1.2 0.7

800 4.8 3.3 1.7 1.0 0.6
1000 4.3 2.9 1.4 0.8 0.5
1250 3.8 2.5 1.2 0.7 0.4

1600 .0. 2.1 1.0 0.6 0.4
2000 2.9 1.8 0.9 0.5 0.3
2500 2.5 1.5 0.7 0.4 0.2

3150 2.1 1.3 0.6 0.3 0.2
4000 1.7 1.1 0.5 0.3 0.2
5000 1.5 0.9 0.4 0.2 0.1

6300 1.2 0.7 0.3 0.2 0.1
8000 1.0 0.6 0.2 0.1 0.1
10000 0.8 0.5 0.2 0.1 0.1
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Acoustic Fill-Factor (3.0 meter diameter PLF)
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Figure A-2  Acoustic Fill-Factor for various size Payloads in a 3 meter Diameter Payload Fairing

     Component         Random         Vibration     

Component random vibration testing is one of the primary workmanship tests to uncover flaws or defects
in materials and production.  To the greatest extent possible, test levels should be based on knowledge
of the expected environment from previous missions or tests.  However, it is important to test with
sufficient amplitude to uncover the defects.  Therefore, as a rule, the input levels should always be greater
than or equal to workmanship test levels for electronic, electrical, or electro-mechanical components.  If
the hardware contains delicate optics, detectors, sensors, etc., that could be damaged by the levels of the
workmanship test in certain frequency bands, the test levels may, with project concurrence, be reduced in
those frequency regions.  A force-limiting control strategy is recommended.  The control method shall be
described in the Verification Test Procedure and approved by the GSFC project.

The qualification (prototype or protoflight) test level is generally 3 dB greater than the maximum expected
(acceptance) test level.  That is not always the case however.  If the expected level is less than the
workmanship level an envelope of the two is used to determine the acceptance test level.  The
qualification level is also an envelope of the maximum expected + 3 dB and the workmanship level.  Under
this condition, the qualification envelope may not exceed the acceptance level by 3 dB.  Figure A-3
demonstrates this.
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Figure A-3 Determination of Qualification and Acceptance Random Verification
Test Levels
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Mechanical Shock

In the following appendices, shock spectrum envelopes are provided for various launch-vehicle-induced
events.  The maximum shock producing event for payloads is generally the actuation of separation
devices.  The expected shock environment should be assessed for the device to be used, and a
spacecraft separation test shall be performed if pyrotechnic devices are to be used for the separation.

A pyrotechnic shock environment is characterized as a high intensity, high frequency, and very short
duration acceleration time history that resembles a summation of decaying sinusoids with very rapid rise
times.  In addition, it is characterized most realistically as a traveling wave response phenomenon rather
than as a classical standing wave response of vibration modes.  Typically, at or very near the source, the
acceleration time history can have levels in the thousands of g's, have a primary frequency content from
1 kHz to 10 kHz, and decay within 3-15 milliseconds.  When assessing the source pyro shock
environment descriptor as given in the GEVS, the following three factors must be considered:

a. Because of the very complex waveform and very short duration of the time history, there is no
accepted way for giving a unique, "explicit" description of the environment for test specification
purposes.  The accepted standard non-unique, "implicit" description is a "damage potential"
measure produced by computing the Shock Response Spectrum (SRS) of the actual environment
time history.  A SRS is defined as the maximum absolute acceleration response, to the
environment time history, of a series of damped, single-degree-of-freedom oscillators that have a
specified range of resonant frequencies and a constant value of viscous damping (e.g., Q=10).
This type of descriptor is contained in the GEVS.  The resulting fundamental objective of the
verification test is to create a test environment forcing time history that has nearly the same SRS
as the test specification and thereby give some assurance that the test environment has
approximately the same "damage potential" as the actual environment.

b. Because of the high frequency, traveling wave response like nature of the subject environment,
the acceleration level will be rapidly attenuated as a function of distance from the source and as
the response wave traverses discontinuities produced by joints and interfaces.

c. Because of the high frequency, short duration nature of the pyro-shock environment, "potential for
damage" is essentially restricted to portions of the payload, or instrument that, for example, have
very high frequency resonances (i.e., electrical/electronic elements such as relays, circuit boards,
computer memory, etc.) and have high frequency sensitive electromechanical elements such as
gyros, etc.

An Aerospace Systems Pyrotechnic Shock Data study was performed by the Denver Division of Martin
Marietta for GSFC;   The following information, extracted from the 1970 final report of this study, is
provided to aid in assessing expected shock levels.  The results are empirical and based on a limited
amount of data, but provide insight into the characteristics of the shock response spectrum (SRS)
produced by various sources, and the attenuation of the shock through various structural elements.

The study evaluated the shock produced by four general types of pyrotechnic devices

• Linear charges (MDF and FLSC);
• Separation nuts and explosive bolts;
• Pin-puller and pin-pushers;
• bolt-cutters, pin-cutters and cable-cutters.
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Empirically derived expected SRS’s for these four categories are given in Tables A-4 through A-7.  It was
found that the low-frequency region could be represented, or enveloped, by a constant velocity curve.
All shock response curves are for a Q=10.

The attenuation, as a function of frequency and distance was evaluated for the following general types of
structure:

• Cylindrical shell;
• Longeron or stringer of skin/ring- frame structure;
• Ring frame of skin/ring- frame structure;
• Primary truss member;
• Complex airframe;
• Complex equipment mounting structure;
• Honeycomb structure.

It was found that the attenuation of the Shock, as a function of distance from the source,  could be
separated into two parts; the attenuation of the low-frequency constant velocity curve, and the
attenuation of the high-frequency peak levels.  The attenuation of the constant velocity curve was
roughly the same for all types of structure; whereas the attenuation of the higher frequency peak shock
response was different for the various categories of structure.  Figure A-8 gives the attenuation of the
constant velocity portion of the SRS as a function of distance, and Figure A-9 gives the attenuation of
the peak SRS level as a function of distance for the various general categories of structure.  It must be
emphasized that this information was derived empirically from a limited set of shock data.

As an example of the use of these attenuation curves, assume that the source spectrum is that for an
explosive bolt given in Figure A-5, and that an estimate of the shock levels 80 inches from the source is
being evaluated for complex equipment mounting structure.  From Figure A-8, the constant velocity, low-
frequency envelope will be attenuated to approximately 20% of the original level.  From Figure A-9, the
peak level will be attenuated to approximately 7.8% of the original level.  The assumed source spectrum
and new estimate of the SRS envelope is shown in Figure A-10.

Structural interfaces can attenuate a shock pulse; guideline levels of reduction are as follows:

Interface Percent Reduction

Solid Joint 0
Riveted butt joint 0
Matched angle joint 30-60
Solid joint with layer of different material in joint 0-30

the attenuation due to joints and interfaces is assumed for the first three joints.

A reduction of shock levels can also be expected from intervening structure in a shell type structure.  An example
is shown in Figure A-11.
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Figure A-4  Shock Environment Produced by Linear Pyrotechnic Devices
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Figure A-5  Shock Environment Produced by Separation Nuts and Explosive Bolts
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Figure A-6  Shock Environment Produced by Pin-Pullers and Pin-Pushers
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Figure A-7  Shock Environment Produced by Bolt-Cutters, Pin-Cutters, and Cable-Cutters
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Figure A-8   Attenuation of Constant Velocity Line
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  Honeycomb structure
  Longeron or stringer of skin/ring-frame structure
  Primary truss members
  Cylindrical shell
  Ring frame of skin/ring-frame structure
  Complex equipment mounting structure
  Complex airframe

Figure A-9  Peak Pyrotechnic Shock Response vs Distance
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Figure A-10  Shock Attenuation Example
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Figure A-11  Reduction of Pyrotechnic Shock Response due to Intervening Structure
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Launch Vehicle Appendices [Appendix B through L]

The following appendices provide maximum expected flight loads and vibroacoustic levels (limit values)
for various launch vehicles.  The levels are based on data from previous launches, ground tests, and
analytical predictions.  The levels may be used for initial sizing of spacecraft structure and for test
definition; however, the loads and vibroacoustic environments associated with the various phases of a
mission (launch, insertion into orbit, orbital operations, landing, etc.) are a function of the launch vehicle
configuration, spacecraft design, and mission profile and must be determined on a case-by-case basis
and confirmed by the launch vehicle organization.

The data contained in Appendices B through L are based on available documentation, and are subject to
change.  The data are for information only and are not all inclusive.  A verification program must be
developed that is consistent with all requirements specified in GEVS, regardless of the launch vehicle
that is selected.


